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$(M,g)$ , $g$ $M$
$\Delta_{g}=-\frac{1}{\sqrt{g}}\sum\frac{\partial}{\partial x^{i}}(\sqrt{g}g^{ik}\frac{\partial}{\partial x^{k}})$
$\Delta_{g}$ , 2 , (Spec$(M, g)$
$)$ $\{\lambda_{0}<\lambda_{1}\leq\lambda_{2}\leq\cdots\lambda_{i}\leq\cdots\}$ , $(M,g)$
Spec$(M, g)$ $(M, g)$ ,
H. A. Lorentz H. Weyl (1912)
, 1966 M. Kac ( $?$ ) “Can one hear the
shape of $a$ drum?” , “Spectral Geometry” ,
, :
Spec$(M,g)=Spec(M’, g’)$ $\Rightarrow$ $(M, g)=(M’, g’)$ (isometric) ?
, J. Milnor 16 (1964) ,
, ,
( ) (1985)
, , : $M$
1- $g(t)$ Spec$(M, g(t))=Spec(M,g(0))$
? , , C. Gordon E.
Wilson [4] solvmanifold ( )
822 1993 123-131
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, Gordon-Wilson , , ,
Lax ,
2. (nilmanifold)
Gordon almost-inner derivation ( $?$ )
, $g$ (derivation) $\phi$ almost-inner , $\forall X\in g$
, $g$ (X ) $Y=Y_{X}$ $\phi(X)=[Y, X]$
, $g$ , $G=\exp(g)$ ( , ) $\Gamma$ $G$
, $M=\Gamma\backslash G$ {, \rangle $g$ ,
$G$ , , $M$ , $g$
derivation $\phi$ , $g$ 1- $\Phi_{t}$ $:=\exp(t\phi)$
, $g$ 1 $-$
(X, $Y\rangle_{t}:=\{\Phi_{t}(X),\Phi_{t}(Y)\rangle$
, , $M$ 1- ,
(Gordon-Wikon ). $\phi$ almost-inner , $M$
\langle , $)_{t}$
1. $\phi$ , {, $)_{t}$ , $M$ 1-
$\psi_{t}$ $\langle, \}_{i}=\psi_{t}^{*}(, \rangle$
2. Gordon [2] , $G$ $\Gamma$ , $\Gamma- almost$-inner derivation ,
almost-inner , $M=r\backslash G$
, Ouyang-Pesce [8] , 2- $G$
, $G$ $M=\Gamma\backslash G$
, $\Gamma- dmost$-inner derivation
. $g$ 7 :
125
$\{\begin{array}{lllllll}0 x_{1} x_{2} z_{1} 0 0 0 y_{1} 0 0 0 0 y_{2} 0 0 0 0 0 x_{1} z_{2} 0 0 y_{2} 0 0 0 0\end{array}\}$ .
$g$ 2- , : $\mathcal{B}=$ { $X_{1},$ $X_{2}$ , Yl, Y2, $Z_{1},$ $Z_{2}$ } ,
[$X_{1},$ $Y_{1}|=[X_{2},$ $Y_{2}|=Z_{1},$ $[X_{1}, Y_{2}]=Z_{2}$ , =0
, $g$ $\phi$
$\phi(Y_{2})=Z_{2}$ , \phi ( ) $=0$ ( )




Gordon-Wilson , (KiriUov )
, , ,
, Lax




, , 1 (classical pseudo- differential
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operator of order 1) ,
, (3.1) $M$ $T^{*}M$
(3.2) $H_{t}’=\{H_{t},a_{t}\}$
, $H_{t}$ $T^{*}M$ ( $=$ ) $(T^{*}M, \omega, H_{t})$
, $\{$ , $\}$ , (3.2)
$T^{*}M\backslash 0$ $a_{t}$ , $a_{t}$
,
$(3.2’)$ $(T^{*}M,\omega, H_{t})\cong(T^{*}M,\omega, H_{0})$
Gordon-Wilson ,
( ) ,
([3] ) (3.2)) , $L$-
, $(T^{*}M, \omega, H_{t})$ ( $=$
) ( ) (L-spectrum )
, $L$- ,
( GoIdon [2]). Gordon-W son , $L$-
. “generic“ , $L$-
(Colin de Verdi\‘ere [1] )
,
, ,
, , $\prime H_{t}=(T^{*}M, \omega, H_{t})$
$G$ $T$“ $G$ $G$ ( ) $Gxg^{*}$
( $g^{*}$ : $g$ ) , $T^{*}M\cong Mxg^{*}$ $G$ $Z$
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, $\pi$ : $Garrow G_{1}=G/Z$ , :
(3.3) $\hat{\pi}$ : $M=\Gamma\backslash Garrow M_{1}=\Gamma_{1}\backslash G_{1}$ $(\Gamma_{1}=\tau r(\Gamma))$
$T=\Gamma\cap Z\backslash Z$ , $Z$ $Mxg^{*}$
, $J:M\cross g^{*}arrow z^{*}$
( $z:Z$ ) :
$J([g],\mu)(X)=\mu(X)$ $(g\in G,\mu\in g^{*},X\in z)$
Marsden-Weinstein [7] (reduction ) , $\kappa\in z^{*}$ , $?\cdot t_{t}$
:






\kappa $M$ , (3.3)
$\tilde{\nabla}_{t}$ : , $p\in M$ $H_{t}(p)$
$H_{t}(p)=$ { $u\in T_{p}M|\langle u,v)_{t}=0$ for $\forall v\in Ker(\hat{\pi}_{*})$ }
, $\pi$ : $Garrow G_{1}$ Riemannian submersion $G_{1}$
{, $)_{1,t}$ ,
128
8. 1. $\mathcal{H}_{t,\kappa}\cong(M_{1}xg_{1}^{*},\omega_{1}+\kappa\ominus^{\wedge}{}_{t}H_{t,\kappa}^{(1)})$ ,
, $\omega_{1}$ $M_{1}xg_{1}^{*}(\cong T^{*}M_{1})$ , $\ominus_{t}\wedge$ $\tilde{\nabla}_{t}$
$\Theta_{t}$ .( $M_{1}$ $z$ - 2 ) $M_{1}xg_{1}^{*}$ , ,
$H_{t,\kappa}^{(1)}([g_{1}], \mu_{1})=\frac{1}{2}|\mu_{1}|_{1,t}^{2}+\frac{1}{2}|\kappa|_{t}^{2}$
. $G$ 2- , $\ominus_{t}^{\wedge}$ $M$ ,
,
3. 2 ([5]). $G$ . 2- $\mathcal{H}_{t,\kappa}$ Gordon-Wilson





( ) $\kappa\in z^{*}$ , $g^{*}$
$z_{\kappa}^{\perp}=$ { $\mu\in g^{*}|\mu(X)=\kappa(X)$ for $\forall X\in z$ }
$z_{\kappa}^{\perp}$ $z^{\perp}=$ {$\mu\in g^{*}|\mu(X)=0$ for $\forall X\in z$} , $P_{\kappa}=M_{1}xz_{\kappa}^{\perp}$








, $L_{91}$ $g_{1}\in G_{1}$ $G_{1}$ t $Y_{\kappa}^{(1)}=\pi_{*}oY_{\kappa}$ : $z_{\kappa}^{\perp}arrow$
$g_{1}=g/z$ , $V$ $\chi_{t}$
, $g$ 2- , almost-inner derivation ,
$\kappa\in z$ , $z_{\kappa}^{\perp}$ (c.1), (c.2)
1
$G$ * , $\phi$ (c.1), (c.2)
$\kappa=0$ ([5] ) ,
, :
$0$ $\kappa\in Z^{*}$ , $\mathcal{H}_{t,\kappa}\cong?i0_{\kappa}$ .
, $\kappa=0$ , (
) ,
, , 2- ,
, , + ,
, Gordon-Wilson ,
. , , $\mathcal{H}_{t}=$
$(Mxg^{*},\omega, H_{t})$ , ,
([6]):
$\dot{g}^{*}=g^{*}\backslash 0$ $V$
$(Mx(\dot{g}^{*}\backslash V),\omega, H_{t})\cong(Mx(\dot{g}^{*}\backslash V),\omega, H_{0})$ .
, ( )
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